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(57) Abstract: A method for 
separating a film and a substrate, 
the method comprising the following 
steps: a) on the film at least a part 
of a foil is provided, whereby an 
adhesive contact between the film 
and the foil is effected; b) the foil 
and the film being in adhesive 
contact therewith are bent away 
from the substrate; and c) the film 
is uninterruptedly separated from 
the substrate, characterized in that 
at least a part of the foil is attached 
to a circumferential surface of a 
roller, which circumferential surface 
virtually touches the substrate, and 
wherein during step b)the substrate 
with the film, relative to the roller, 
is fed to the roller, while the roller is 
rotated such that during step c) and 
increasing part of the film is bent 
around the circumferential surface, 
while an increasing part of the 
substrate from which the film has 
been separated is led, relative to the 
roller, away from the roller. 
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Title: A method for separating a film and a substrate 

The invention relates to a method for separating a film and a _ 
substrate, the method comprising the following steps: a) on the film at least 
a part of a foil is provided, whereby an adhesive contact between the film 
and the foil is effected; b) the foil and the film being in adhesive contact 
5 therewith are bent away from the substrate; and c) the film is 
uninterruptedly separated from the substrate. 

Such a method is known per se. Such a method finds application 
there where separation of a film and a substrate is to take place after the 
film has been provided on the substrate with the aid of a growing process 

10 especially designed for that purpose, or according to a different production 
method. The application in particular concerns separating from a substrate 
a monocrystalline semiconductor film which is suitable for the production of 
optoelectronic components. To be considered here are, for instance, light 
emitting diodes, lasers and solar cells. Such a film typically consists of a 

15 structure built up from various layers, which has been deposited on a 

substrate having an atomic structure suitable therefor. The substrate is 
typically of high-grade quality and costly. It is therefore of importance that 
the substrate, after stripping the film, can be used again for providing a 
new film thereon. The film typically concerns a wafer-thin and possibly 

20 even monocrystalline film, which moreover can be very fragile. The term 

film in this connection comprises a film of which a thickness is, for instance, 
between 10 nanometers and 100 micrometers. In a known method, during 
the separation of the film and the substrate, the substrate is suspended 
from a rod, such that the film is situated under the substrate in a 

25 horizontally or diagonally oriented plane. On the film a part of a foil is 
provided, whereby an adhesive contact between the film and the foil is 
effected, which can take place, for instance, in that the foil is provided with 
a slightly adhering layer at the surface. The foil and the film being in 
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adhesive contact therewith are bent away from the substrate by suspending 
a weight from a part of the foil not in contact with the film. The part of the 
foil situated between the point of engagement of the weight and the point at 
which the foil contacts the film is thereby curved. Since the film is in 
5 adhesive contact with the foil, the film is bent away from the substrate to 
some extent. When the bond between the film and the substrate is 
sufficiently weak, the film will be separated from the substrate in this way. 
A disadvantage of this method is that a curvature of the film and the foil, at 
the point where the film is separated from the substrate, changes according 
10 as a greater part of the film has been separated from the substrate. This 

curvature can become so great, i.e., the radius of curvature of the curved foil 
part can become so small, that the carefully grown film breaks off. A still 
greater problem is that the foil can start to vibrate, which entails a varying 
curvature of the foil and may be accompanied by a progressive break 
15 formation in the film. 

The object of the invention is to control the curvature of the foil 
during the separation of the film from the substrate. 

The object mentioned has been achieved with the method according 
to the invention, which is characterized in that at least a part of the foil is 
20 attached to a circumferential surface of a roller, which circumferential 
surface virtually touches the substrate, and wherein during step b) the 
substrate with the film, relative to the roller, is fed to the roller, while the 
roller is rotated such that during step c) an increasing part of the film is 
bent around the circumferential surface, while an increasing part of the 
25 substrate from which the film has been separated is led, relative to the 
roller, away from the roller. 

This provides the advantage that the foil at the point where the 
film is separated from the substrate, starts to curve following the curve of 
the roller. The curvature, or the radius of curvature, of the roller is selected 
30 such that it is large enough to separate the film from the substrate, but low 
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enough to prevent the film breaking. The curvature will not decrease or 
increase when an increasing part of the film is separated from the 
substrate. The chance ^>f damage to the film and/or the substrate is 
consequently minimal. Moreover, the film is supported by the foil, both 
5 during separation and directly after separation from the substrate, which 
also substantially precludes any chance of damage to the film directly after 
the separation from the substrate. 

A preferred embodiment according to the method of the invention 
is characterized in that a sacrificial layer which is provided between the 

10 film and the substrate is at least partly removed at least during step c) with 
the aid of etching, which facilitates separating the film from the substrate. 
This provides the advantage that the bond is removed by etching away the 
sacrificial layer between the film and the substrate, so that separating the 
film and the substrate entails less chance of break formation in the film. 

15 Sacrificial layer in this connection should be understood to mean a layer 

whose chemical composition is different from that of the film and from that 
of the substrate. This deliberately provided sacrificial layer comprises at 
least one atomic layer. In this case, a function of bending off the foil and the 
film in adhesive contact therewith further comprises further the keeping 

20 open of a slit which, partly as a result of the etching process, forms between 
the substrate and the film separating from the substrate. 

A further preferred embodiment of the method according to the 
invention is characterized in that at least during step c) the substrate is led 
away from the roller substantially vertically upwards. This provides the 

25 advantage that the etching agent is collected in the slit, which is partly 

formed by the deflected film and the substrate, to enable the sacrificial layer 
to be etched away. If, by contrast, in the known method the sacrificial layer 
provided between the film and the substrate were to be etched away by the 
etching agent, the etching agent is held in position exclusively by a capillary 

30 action, which means that the surface tensions play a codeterminative role in 
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the manner in which the etching agent comes into contact with the 
sacrificial layer. In this embodiment according to the invention, notably 
gravity and the orientation of the slit determine the manner in which the 
etching agent comes into contact with the sacrificial layer. In this case, it is 
5 not possible that the etching agent, as a result of unfavorable surface 
tensions, flows away from the sacrificial layer. 

A particular embodiment of the method according to the invention 
is characterized in that at least during step c) the etching agent is supplied 
at a position such that the etching agent flows to the sacrificial layer under 

10 the influence of gravity. This provides the advantage that the 

administration of the etching agent can take place at some distance from 
the slit, which is formed by the deflected film and the substrate, so that less 
stringent requirements need to be imposed on the accuracy of the position 
where the etching agent is released from an etchant administration 

15 instrument. Moreover, the chance that the etchant administration 

instrument accidentally butts against the fragile film or the foil, and the 
film breaks, is rendered smaller in that a safe distance between the film and 
the etchant administration instrument can be maintained. 

A particular embodiment of the method according to the invention 

20 is characterized in that at least during step c) the roller is slightly tilted, so 
that the slit and the sacrificial layer are oriented at a slight inclination 
along the substrate. This provides the advantage that the etching agent can 
be supplied at so high a position onto the slit oriented at a slight inclination 
along the substrate, that the etching agent can flow along the entire 

25 sacrificial layer under the influence of gravity. Moreover, this provides the 
advantage that the etching agent is freshened continuously, that the 
etching products are discharged, and that the entire sacrificial layer, such 
as it is exposed there where the film bends away from the substrate, can be 
removed with the aid of etching. Freshening of the etching agent also leads 

30 to the etching proceeding faster. In the known method, it might have been 
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necessary to take care that the etching agent is provided or freshened along 
the entire sacrificial layer such as it is exposed there where the film deflects 
from the substrate, with the aid of, for instance, injection. In the known, 
method, this injection, in view of the mechanically exerted pressure, 
5 additionally entails the chance of undue curvature of the foil and/or break '~ 
formation in the film. 

A still more advanced embodiment of the method according to the 
invention is characterized in that during step c), before the whole film has 
been separated from the substrate, at least the rotation of the roller is 

10 stopped, while a last part of the film is separated from the substrate only by 
etching away the sacrificial layer, so that a possible crumbling off of the last 
part of the film and/or the substrate can be prevented. When only a small 
surface of the film is still in contact with the substrate, the bending stresses 
can no longer be absorbed by a part of the film that is still to be bent away 

15 from the substrate. Locally, the elongation attendant to the stresses may 
then exceed the maximum permissible elongation in the film, which can 
lead to crumbling off of the last part of the film. With the measure 
mentioned, before the crumbling situation occurs, the sacrificial layer is 
removed by means of etching alone, without the film being further bent 

20 away from the substrate. Thus the last part of the film is separated from the 
substrate, albeit somewhat slower than a first part, while crumbling of the 
last part of the film is prevented. Preferably, both the rotation of the roller 
and the displacement of the substrate relative to the roller are stopped 
when the film is separated from the substrate only by etching away the 

25 sacrificial layer. 

The invention will now be elucidated with reference to the 
drawing. In the drawing: 

Fig. la shows a known method for separating a film from a 
substrate; 
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Fig. lb shows a method according to Fig. la, wherein the 
separation of the film from the substrate is in a further advanced stage than 
in Fig. la; 

Fig. 2a shows an embodiment of a method according to the 
5 invention; 

Fig. 2b shows an embodiment according to the method as shown in 
Fig. 2a, wherein the separation of the film from a substrate is in a further 
advanced stage than in Fig. 2a. 

In Fig. la, a known method for separating a film 1 from the 

10 substrate 2 is shown. The substrate 2 is provided on a lower end face 3 of a 
rod 4 which is, for instance, directed vertically upwards and serves as 
holder for the substrate. A part of a foil 5 is provided on the film 1. The foil 
5 is in adhesive contact with the film 1. Suspended from a part of the foil 5 
that is not in adhesive contact with the film 1 is a weight 6. The foil is 

15 thereby bent away from the substrate 2. Given a sufficiently weak bond 
between the film 1 and the substrate 2, the film 1 separates from the 
substrate 2 through the deflection of the foil 5. As a result, the foil 5 bends 
away still further from the substrate. As a result, an increasing part of the 
film 1 separates from the substrate 2. This known method for separating a 

20 film 1 from a substrate 2 is often used in combination with the use of a 

sacrificial layer 7, which is provided between the film 1 and the substrate 2. 
The sacrificial layer 7 can be removed by etching with an etching agent 8. 
The etching agent 8, due to a capillary action, can move into the slit 9 which 
is formed by the deflected part of the film 1 and the substrate 2. The 

25 deflection of the foil 5 and the film 1 can, in a first approach, be described 
by a radius of curvature R . When an increasing part of the film 1 is 
separated from the substrate 2, the radius of curvature R can decrease. The 
attendant stresses in the film eventually lead to break formation in the film 
1. Due to certain conditions, the foil 5 can start to vibrate, which entails a 

30 varying curvature of the foil 5 and is often accompanied by a progressive 
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break formation in the film 1. Moreover, the etching agent 8, with a 
decreasing radius of curvature R , that is, with an increasing deflection of 
the part of the film 1 that separates from the substrate 2, can flow out of the 
slit 9 under the influence of gravity. Freshening the etching agent 8 will 
5 have to take place actively, for instance through injection, which is 

accompanied by a mechanical pressure exerted on the foil 5 and/or the 
carefully grown and fragile film 1. This too, due to change in the curvature 
in the foil 5, can lead to breakage in the film 1. 

An embodiment of the method according to the invention is shown 

10 in Fig. 2a. A part of the foil 5, in this method, is attached to a 

circumferential surface 14 of a roller 10. The circumferential surface 14 
virtually touches the substrate 2. A part of the foil 5 is in adhesive contact 
with the film 1. The substrate 2, with the film 1, is supplied relative to the 
roller 10, to the roller 10, while the roller 10 is rotated such that an 

15 increasing part of the film 1 is bent around the circumferential surface 14, 
while an increasing part of the substrate 2, relative to the roller 10, is led 
away from the roller 10. In this way, the film 1 is separated from the 
substrate 2. The direction in which the roller 10 rotates is indicated in 
Fig. 2a with arrow 11. A sacrificial layer 7 is exposed to an etching agent 8 

20 in that the foil 5 and the film 1 are bent away from the substrate 2. The 

etching agent 8 can etch the sacrificial layer 7, so that taking the film 1 off 
the substrate 2 is facilitated. The substrate 2 is transported substantially 
vertically upwards away from the roller 10. The etching agent 8 can then be 
supplied at a position selected such that the etching agent 8, under the 

25 influence of gravity, moves to the sacrificial layer 7 exposed in the slit 9. In 
a very special embodiment, the roller can be tilted to some extent. As a 
result, the slit and the sacrificial layer present therein is oriented at a slight 
inclination along the substrate. As a result, the etching agent 8 can be 
supplied at such a position that the etching agent 8, while flowing under the 

30 influence of gravity, can flow along the entire sacrificial layer 7 such as it is 
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exposed there where the film 1 bends away from the substrate 2. As a 
result, a continuous freshening of the etching agent 8 takes place, and the 
etching products are discharged better (over a known method). The 
substrate 2 can be guided with the aid of clamping or suction against a wall 
5 12, such that the direction and the orientation of the substrate 2 during the" 
separation of the film 1 from the substrate 2 do not change. The roller 10 is 
rotated at an angular velocity co , while the substrate 2, relative to the roller 
10, is displaced at a velocity V s , with V s being virtually equal to CO x R r 
where R r corresponds to a radius of the roller 10. The etching agent 8 and 

10 the sacrificial layer 7 are tailored to each other, such that the sacrificial 
layer 7 is etched out at a velocity V e which in magnitude is at least 
substantially equal to, and in direction is substantially opposite to, the 
displacement velocity V s of the substrate 2. As shown in Fig. 2b, before the 
whole film 1 has been separated from the substrate 2, rotation of the roller 

15 10 is stopped. A last part of the film 1 is then separated from the substrate 2 
exclusively by etching away the sacrificial layer 7. This prevents crumbling 
off of the last part of the film 1 and/or the substrate 2. In practice, the 
method is carried out such that the sacrificial layer 7 is etched away at a 
slightly greater velocity than cox R. However, if, due to circumstances, it 

20 temporarily holds that the sacrificial layer 7 is etched away slightly faster 
than cox R, etching away the sacrificial layer 7 will be rendered slightly 
more difficult in that the sacrificial layer 7 has not been able to expose itself 
to the etching agent 8 yet, since in situ the film 1 with the foil 5 has not yet, 
or not sufficiently so, been deflected from the substrate 2. Through a more 

25 or less self-regulating process, etching away of the sacrificial layer 7 will 

therefore be done such that etching away takes place there where the film 1 
is deflected from the substrate 2. A separation according to the invention of 
a carefully grown monocrystalline film from a substrate, whereby a 
sacrificial layer included between the film and the substrate is etched away, 
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can take place at a detachment speed which is between a few millimeters 
per hour and tens of centimeters per hour. 

In the method according to the invention, etching away of the 
sacrificial layer 7 can moreover not be limited by discharge of gaseous 
5 etching products, which is an advantage over a known method for 

separating a film 1 and a substrate 2, where the substrate 2 can render the 
upward flow of the etching products more difficult. 

The invention is not limited in any way to the exemplary 
embodiment shown. 

10 Although in the exemplary embodiment shown a foil 5 has been 

treated as a more flexible, windable, sheetlike material, the term foil within 
the context of the invention also comprises a material that is relatively stiff. 
In principle, any surface that is provided on the film 1 and that can either 
curve around a cylindrical object, or is shaped to curve at least partly 

15 following a substantially constant radius of curvature, within the meaning 
of the invention, can be considered to be a foil 5. Accordingly, the foil 5 can 
also, for instance, correspond to a wound or fixed jacket of the roller 10. 

The substrate 2 can be held at a fixed position while the roller 10 is 
advanced, while rolling, over the substrate 2, whereby the film 1 is 

20 separated from the substrate 2. The adhesive contact between the foil 5 and 
the film 1 can be promoted by providing a layer of wax between the foil 5 
and the film 1. Adhesive contact between the film and the foil should be 
understood to encompass a contact which has become adherent with the aid 
of vacuum suction through apertures in the foil. The film, after being 

25 separated from the substrate, can optionally be transferred by another 
technique to a support of another material. Attaching the foil to the 
circumferential surface of the roller can also take place with the aid of 
vacuum suction. Also, the foil can be attached to the circumferential surface 
of the roller by means of a friction enhancing agent and/or a tensioning 

30 means, so that the foil is supported against the circumferential surface. 
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The method lends itself eminently for adaptation to the properties 
of the film 1 and the substrate 2. Thus, the radius of curvature R r of the 
roller 10 can be selected such that even a very fragile film 1 can be 
separated from the substrate 2. As already mentioned earlier, the film can 
5 comprise a monocrystalline film. It will be clear that also use of a roller with 
a gradually varying radius of curvature in radial and/or axial direction falls 
within the method of the invention. In fact, the control of the curvature of 
the foil 5 can take place as long as the foil 5 is provided on a gradually bent 
surface. Also the stiffness of the foil 5 and the strength of the adhesive 

10 contact between the foil 5 and the film 1 can be adapted to the required 

conditions, such as the obtained thickness and bending strength of the film 
1 and the binding strength between the film 1 and the substrate 2. In this 
way, also a large number of substrates 2 with films 1 provided thereon can 
pass in series along the same large roller 10, while the films 1, without 

15 damage, are taken off the substrates 2. The method is therefore highly 
suitable for industrial upscaling. The etching agent and the structure 
and/or the composition of the sacrificial layer will in many cases be tailored 
to each other by the skilled person to achieve an optimum etching rate while 
maintaining a desired film quality. If desired, the etching agent can also be 

20 supplied into the slit 9 or to the sacrificial layer 7 through active injection, 
thereby avoiding unduly high mechanical pressure. Through the fixed 
curvature, break formation of the film 1 will be prevented. As a result, the 
etching rate increases, thereby also enabling a higher angular velocity of 
the roller 10 and/or a greater radius of the roller 10 and a higher 

25 displacement speed of the substrate 2. 

Such modifications and variations are each understood to fall 
within the scope of the invention. 
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CLAIMS 

1. A method for separating a film and a substrate, the method 
comprising the following steps: a) on the film at least a part of a foil is 
provided, whereby an adhesive contact between the film and the foil is 
effected; b) the foil and the film being in adhesive contact therewith are 

5 bent away from the substrate; and c) the film is uninterruptedly separated 
from the substrate, characterized in that at least a part of the foil is 
attached to a circumferential surface of a roller, which circumferential 
surface virtually touches the substrate, and wherein during step b) the 
substrate with the film, relative to the roller, is fed to the roller, while the 
10 roller is rotated such that during step c) an increasing part of the film is 
bent around the circumferential surface, while an increasing part of the 
substrate from which the film has been separated is led, relative to the 
roller, away from the roller. 

2. A method according to claim 1, characterized in that a sacrificial 

15 layer which is provided between the film and the substrate is at least partly 
removed at least during step c) with the aid of etching, thereby facilitating 
the separation of the film from the substrate. 

3. A method according to any one of the preceding claims, 
characterized in that at least during step c) the substrate is led away from 

20 the roller substantially vertically upwards. 

4. A method according to claim 3, characterized in that at least during 
step c) the etching agent is supplied at such a position that the etching 
agent, under the influence of gravity, flows to the sacrificial layer. 

5. A method according to claim 4, characterized in that at least during 
25 step c) the roller is slightly tilted, so that the sacrificial layer is oriented at a 

slight inclination along the substrate. 
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6. A method according to any one of the preceding claims, 
characterized in that at least during step c) the roller is rotated at an 
angular speed co , while the substrate, relative to the roller, is displaced at a 
velocity V s , with V x being substantially equal to co x R r , where R r 

5 corresponds to a radius of the roller. 

7. A method according to any one of the preceding claims, 
characterized in that at least during step c) the etching agent etches away 
the sacrificial layer at a velocity V e which in magnitude is at least 
substantially equal to, and in direction is substantially opposite to, V s . 

10 8. A method according to any one of the preceding claims, 

characterized in that at least during step c) an orientation and direction of 
the substrate, relative to the roller, is maintained. 

9. A method according to any one of claims 2-8, characterized in that 
during step c) before the whole film has been separated from the substrate, 

15 at least the rotation of the roller is stopped, while a last part of the film is 
separated from the substrate only by etching away the sacrificial layer, 
thereby preventing crumbling off of the last part of the film and/or the 
substrate. 

10. A method according to any one of the preceding claims, wherein the 
20 foil is at the same time jacket of the roller. 
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